Background: Traditionally, a self-reported questionnaire has been a cost-effective method of gathering information about physical activity (PA). An objective measurement, such as the use of a pedometer, can be used to validate the findings of a PA questionnaire in a large population. Objective: The study objective was to determine the convergent validity of a PA questionnaire against objectively measured PA in adults obtained with the use of a pedometer. Methods: Data from the Cardiovascular Risk in Young Finns Study (YFS) were collected from 1853 participants aged 30 -45 years. The participants completed a self-reported questionnaire that included items on leisure time, commuting and habitual PA. PA was expressed as leisure-time physical activity index (PAI) and metabolic equivalent hours/week (METh/wk). The participants wore a pedometer for seven consecutive days and used it to record their total daily and aerobic steps. Results: There was a low to moderate association between the self-reported questionnaire and pedometer measurements regarding both total steps and aerobic steps taken during leisure time and commuting PA. An association was not observed between peHow to cite this paper: Hirvensalo, M., Magnussen, C. G., Yang, X. L., Telama, R., Heinonen, I., Hutri-Kähönen, N., Salin, K., Viikari, J., Raitakari, O. T., & Tammelin 
Introduction
Information on population-based and community-dwelling physical activity (PA) has predominantly been collected through the administration of self-report questionnaires. Questionnaires provide a cost-effective means of monitoring the content and sub-domains of PA in large population studies (Lamonte & Ainsworth, 2001; Shephard, 2003; Terwee, Mokkink, van Poppel, Chinapaw, van Mechelen, & de Vet, 2010) . Recently, however, the use of an objective measure, such as a pedometer, has been the focus of PA studies because it permits more accurate quantification. Pedometers have proven useful in monitoring and quantifying everyday activities because they are able to measure incidental PA (Cocker, Cardon, & De Bourdeaudhuii, 2007; Tudor-Locke, Williams, Reis, & Pluto, 2002) . Even though there are some issues related to pedometers (e.g., they are not capable of being used in certain activities), they have been shown to provide objectively measured PA, which is relatively well correlated with aerobic capacity (Michaud, Cauderay, Narring, & Schultz, 2002) . On the other hand, some pedometers might undercount steps and they are not as accurate as accelerometers (Crouter, Schneider, & Bassett, 2005) . At the same time, it is important not to dismiss the rich contextual information provided by questionnaires (Tudor-Locke et al., 2002) . Objective measures are increasingly being used to determine the reliability and validity of different PA measurements obtained from various PA questionnaires and when making comparisons between them (Boon, Hamlin, Steel, & Ross, 2010; Helmerhorst, Brage, Warren, Besson, & Ekelund, 2012) .
In a comprehensive review by Helmerhorst et al. (2012) , PA questionnaires were validated with the use of objective measures. It was concluded that self-reported questionnaires remain an important research method in large-scale studies. They are a practical way of assessing PA and when stratifying risk and appraising disease etiology. Most PA questionnaires are designed to measure multiple dimensions of PA and provide estimates of time spent on activities of various levels of intensity. They may also be able to rank individuals according to intensity levels of reported activity. However, a PA questionnaire adminis- tered to one population cannot be systematically extrapolated to other populations, age groups, ethnic groups or geographical regions. Gender differences are not typically addressed in research, but some questions may be more suitable to men than to women, owing to cultural differences in PA behavior, for example.
Gender differences in leisure time, commuting and occupational PA were identified in Finland (Borodulin, Harald, Jousilahti, Laatikainen, Männistö, & Vartiainen, 2016) . Women were physically active more frequently than men were, but the degree of PA intensity was higher among men.
The median validity of self-reported PA questionnaires has been found to be low (Landis & Koch, 1977) . Correlation coefficients range from 0.30 to 0.39 for existing questionnaires and from 0.25 to 0.41 for new ones (Helmerhorst et al., 2012) . A validity study was performed for both the New Zealand Physical Activity Questionnaire and the International Physical Activity Questionnaire. There was a low correlation with the ActiGraph® data for time spent in moderate-intensity PA (r = 0.19 -0.30) and moderate-and vigorous-intensity PA (r = 0.30 -0.32; Boon et al., 2010) . Other than correlation coefficients, respondent classification into tertiles (percentage of agreement and gross misclassification)
has been used to assess the validity of questionnaires. It has been found that this is a valid and reliable instrument to do so (Stel, Smit, Plujim, Visser, Deeg, & Lips, 2004) .
The objective of the current study was to assess the convergent validity of the Cardiovascular Risk in Young Finns Study (YFS) PA questionnaire against the measurements obtained for step count using a pedometer. The same population has been investigated by the YFS longitudinal research project for 31 years and includes regular follow-ups. It is important that the validity of the questionnaire and the historical data are evaluated using an objective measure to ensure the reliability of data for future projects. These results may be useful to other similar PA studies. PA questionnaire data have been previously used to provide estimates of energy expenditure as metabolic equivalent hours/week (METh/wk) values (Stel et al., 2004) , in cardiovascular risk analysis (Yang, Telama, Hirvensalo, Mattson, Viikari, & Raitakari, 2008) and to grade individuals according to PA during their life course (Telama, Yang, Leskinen, Kankaanpää, Hirvensalo, & Tammelin, 2014 The results are presented separately for men and women.
Methods

Participants
The Cardiovascular Risk in Young Finns Study (YFS; Åkerblom, Viikari, Uhari, Räsänen, Byckling, Louhivuori et al., 1985; Raitakari, Juonala, & Rönnemaa, 2008 ) is an ongoing follow-up study undertaken on six cohorts born in 1962 , 1965 , 1968 , 1971 , 1974 and 1977 . In 1980 were randomly selected from the Finnish national register of the study areas: Helsinki, Kuopio, Oulu, Tampere, and Turku and their surrounding communities. They were followed up on in 1983, 1986, 1989, 1992, 2001, and 2007 Table 1 presents the mean age of the participants, 37.8 ± 5.0 years (women) and 37.6 ± 5.1 years (men). Seventy-nine percent of the participants were employed (manual workers 31%, non-manual workers at low level 27%, and non-manual workers at high level 42%). Three percent of the participants were unemployed, 8% were students, 2%
were disabled and unable to work, and 8% remained home with their children or (Hirvensalo, Telama, Schmidt, Tammelin, Yang, Magnussen et al., 2011) .
Although all were invited to wear pedometers, 1874 participants completed the pedometer study. Those individuals who completed the pedometer study were more often women (p < 0.001) and had a higher level of education (p = 0.002). The level of self-rated PA did not differ significantly from those who did not participate in the pedometer study (Hirvensalo et al., 2011) . After removing those with missing or incomplete data, information on 1853 participants was included in this study. The study participants gave written informed consent while the study protocol was reviewed and approved by the ethics committees of the participating universities (Decision number 533/2006).
Study Protocol
PA and participation in sports were measured by means of a self-report questionnaire that was administered individually in connection with a medical examination . At the same time, participants received an
Omron Walking Style One (HJ-152R-E) pedometer.During waking hours, they attached the pedometer to their waistband or belt in the same position for seven consecutive days and maintained a pedometer log.
In the pedometer logs participants recorded the time they removed the pedometer and, at the end of the day, the number of steps taken as shown on the dis- with the log to the study centers using a padded mail bag in a self-addressed, stamped envelope that was provided to all participants.
Objective Measures of PA by Pedometer
The Omron pedometer collects aerobic steps and minutes in addition to total steps. Aerobic steps are those taken during activities that last for at least ten minutes without interruption at a pace of 60 or more steps per minute. The mean intensity of aerobic step activity is determined by dividing the aerobic step count by aerobic minutes. In a previous study, we compared Omron Walking Style 
Physical Activity Questionnaire
Leisure time, commuting and habitual PA were assessed using the YFS PA ques- Habitual PA. The participants were asked how many hours per month they performed habitual light-, moderate-or heavy-intensity activities at home. The answers were converted into METh/wk values by dividing monthly hours by4.3
and then multiplying these amounts with intensity values of 2 MET for light activities, 3 MET for moderate and 4 MET for heavy activities.
Total PA. As a sum of LTPA, commuting PA and habitual PA, we calculated a total PA MET index, describing overall weekly PA as METh/wk.
Statistical Analyses
Means and standard deviations were used to describe age, years of education, body mass index (BMI) and waist circumference. Sex differences in variables were analyzed using the t-test. Median and interquartile ranges, 25th and 75th percentile values, were calculated for skewed distributions of step values and PA variables. The associations between pedometer step counts (total steps and aerobic steps) and items on the PA questionnaire were first studied by calculating Spearman correlation coefficients stratified by sex.
In line with a previous study by Stel et al. (2004) , each respondent was classified into three categories based on leisure-time PAI, which varied from 5 to 15.
The three PAI level classifications (Low: <8 points (23.9% of participants), Medium: 8 -9 points (42.5% of participants) and High: ≥10 points (33.6% of participants) were compared with three-level classifications using total and aerobic steps from the pedometer. The percentage of agreement and misclassification between categories of the questionnaire's leisure-time PAI with total and aerobic step counts was calculated. Gross misclassification was defined as respondents who were classified into the highest tertile on the questionnaire's leisure-time PAI and into the lowest tertile on total or aerobic steps, or vice-versa.
In addition, convergent validity analyses were performed by comparing means and standard deviations of daily total steps and aerobic steps and weekly minutes of aerobic steps and their intensity (steps per minute) in three categories of leisure-time PAI. All statistical analyses were performed using SPSS Statistics for Windows, version 24.0.
Results
Women had 7824 ± 2925 and men 7089 ± 2774 total steps/day. Women took 2327 ± 2143 and men 1420 ± 1809 aerobic steps/day. Median as well as 25th and 75th percentile values for step values and PA variables are presented in Table 1 .
The median LTPA was not significantly different in women and men but the median total PA (METh/wk) was higher for women than it was for men (p < 0.001). While total PA (METh/wk) was made up of predominantly leisure-time and habitual PA, more than three-quarters of the population reported no com- Table 2 shows that PA variables from the self-reported questionnaire were significantly and positively correlated with total steps and aerobic steps, except for habitual PA. Among women and men, correlations with the PAI were stronger for aerobic steps than for total steps. The strongest correlations with aerobic steps were observed for the question "How often do you engage in sport or physical activity so that you get out of breath and sweat?" Again, the strongest correlations were observed for aerobic steps. As with the PAI, correlations of total PA (METh/wk) with aerobic steps were higher than with total steps. Correlations of commuting PA expressed as METh/wk were low but positive with total and aerobic steps. The correlation coefficients of habitual PA METh/wk with total steps and aerobic steps were not significant.
Based on the comparison of total steps and PAI levels, 39.3% of the respondents were classified to the same category, 26.9% of the respondents were classified to a higher category and 33.7% to a lower category than total steps tertiles (Table 3) . Gross misclassification (a two-category difference) between the classification of the results (PAI) relating to the questionnaire and those for the pedometer steps occurred for 13.6% of the participants. Better agreement was achieved with the comparison of the aerobic step category results.
In the aerobic step and LTPA comparison, 43.6% of the respondents were classified into the same category and gross misclassification occurred for 7.9% of respondents. Women had a somewhat higher agreement percentage than men did (45.3% vs. 41.5%).
The means of daily total steps varied significantly between the three categories of the PAI in women and men ( Table 4 ). Women that reported high PA according to the PAI took an average of 8625 steps/day and accumulated on average over 1600 more steps/day than those in the low PAI category and over 900 more steps/day than women in the medium PAI category (p < 0.001). In men, the differences between categories were similar but the total amount of steps in every category was 800 -1000 steps lower than it was for women. In addition, daily aerobic steps, weekly aerobic minutes, and the intensity of aerobic steps tended to increase from those in the low category of the PAI to those in the high category group.
Discussion
Low to moderate levels of convergent validity were demonstrated with the use of the self-reported YFS PA questionnaire when those results were compared with the objective pedometer data. The validity coefficients for the PA measurements Table 4 . Means of total steps, aerobic steps and weekly minutes of aerobic steps and their intensity (steps/min) in three categories of leisure-time physical activity index (PAI).
Step variables ranged from r = 0.20 to 0.30 (total steps) and r = 0.20 to 0.44 (aerobic steps), similar to what has typically been reported for such questionnaires (Boon et al., 2010; Helmerhorst et al., 2012) . In the review by Helmerhorst et al. (2012) , the median validity correlation coefficient was r = 0.25 -0.41 for the PA questionnaires.
Several questions were included in the YFS to capture different aspects of a physically active lifestyle. The sum of the PAI index scores, based on five PA questions (in which scores <8 were considered low active, scores 8 -9 were medium active, and scores ≥ 10 were high active), was associated with the average number of daily pedometer steps, with correlation coefficients ranging from r = 0.25 to 0.31. The comprehensiveness and relevance of the questionnaire should be evaluated against the setting, construct, and recall period as well as the purpose and target population . The provision of in-depth detail on frequency, duration, intensity and included activities is appropriate for a variety of reasons in longitudinal studies such as the YFS, including being able to assess the impact of different components of childhood physical activity on adulthood PA and other health behavior, being able to track PA and for the purpose of cardiovascular and other disease risk analysis.
PA has been broadly defined as ''all bodily actions produced by the contraction of skeletal muscle that increase energy expenditure above basal level'' (Butte, Ekelund, & Westerterp, 2012) . We attempted to get a broad understanding of PA by evaluating leisure-time, commuting and habitual activities in the questionnaire and by converting them into METh/wk values that express PA in terms of energy expenditure. Leisure-time PA and commuting PA expressed in METh/wk appeared to be more in line with the objective measures of total and aerobic steps than with those for habitual PA. Both the pedometer measures and the questionnaire are, however, only estimations of energy consumption. In addition, some people are unwilling to wear a pedometer or any other device for a week, as required by the research protocol. Thus, it may be easier to simply complete a questionnaire for participants.
LTPA was converted into METh/wk by multiplying the frequency, intensity and duration of LTPA. The correlation coefficients were at the same low to 
Activity Level Comparisons
Our results show that the YFS leisure-time PAI estimates of low, medium, or high level PA were different from those of the pedometer's low, medium and high step levels (misclassification 13.6%, total gross misclassification 60.7%, agreement 39.3%). However, the results are comparable with a previous study (Stel et al., 2004) in the Netherlands in which they validated the LASA Physical Activity Questionnaire with pedometer scores. The comparison between three-level classifications of leisure-time PAI and aerobic step categories had somewhat better agreement than with total step categories. Aerobic steps reflect exercise activities better than total steps because they are continuous, lasting for at least ten minutes without interruption.
A number of factors may contribute to the lack of convergent validity in the measurement of habitual PA. First, the assessment period of the YFS PA questionnaire was not of similar length and did not cover the same period as the seven-day pedometer study. The study participants answered their typical PA in general, but the seven-day pedometer log gathered steps from the week when they used a pedometer. Activities could differ between typical weeks and the week that was reported. Furthermore, in this study week and weekend activities
were not separated. This may have led to an underestimation of the validity of the questionnaire. The questionnaire may also reflect more general, year-round PA than the pedometer does. In theory, the questionnaire has no seasonal variation, but pedometer measures are dependent on weather and temperature, which can differ by season and region. Second, pedometers do not quantify cycling, skiing, and swimming and a questionnaire may not capture the small amounts of habitual activity, such as those associated with activities that did not in general correlate with our pedometer data. In addition, the pedometer did not capture all activity performed by our study population. For example, 43% of men and 38% of women reported activities that the pedometer could not measure (e.g., DOI: 10.4236/ape.2017.74038 468 Advances in Physical Education skiing, cycling, swimming, skating, water aerobics, home aerobics). However, sensitivity analyses showed that correlations were essentially similar after excluding these participants from the analyses (not shown in results).
Conclusion
Since no gold standard criterion method exists to record the time spent at various intensities (Macfarlane, Lee, Ho, Chan, & Chan, 2006; Schmidt, Freedson, & Chasan-Taber, 2003) , we can only conclude that the questionnaires and pedometers both measure PA adequately but in different manners. It is unrealistic to expect high agreement between an instrument that has exact PA cut points and the less precise self-report questionnaire. In this study, aerobic steps provided a relevant estimate for moderate-and high-level PA when duration and intensity could be considered. It could be that relationships with health outcomes are stronger when using a metric such as aerobic steps than when using one such as total steps.
Our results suggest that the YFS PA questionnaire is an acceptably valid subjective measure of lifestyle PA in Finnish adults and the practical advantages of its self-reporting will assure its continued use. In a large community-based population, the questionnaire was easy to use and the self-report method provided contextual information on the type of PA that is not available from pedometer or other motion sensors.
